Introduction
Nickel-titanium alloy near the equiatomic concentration is well known for its shape memory effect [1] . This alloy has attractive properties such as corrosion resistance [2] , good ductility [3] and excellent biocompatibility [4] . Because of corrosion resistance and antibacterial effects of Ni-Ti-Ag shape memory alloy, it has been the subject of a few previous investigations [5] [6] [7] .
Nanocrystalline intermetallic compounds show considerable strength, high hardness, enhanced ductility as compared to conventional grain-sized materials [5, 6] . Diffusion rate in the nanocrystalline materials is generally high. Thus, lower sintering times can be used to make bulk samples out of them [6, 7] . These materials have been synthesized by different techniques such as vapor phase condensation, electrodeposition, rapid solidification and mechanical alloying [6] . The advantage of using mechanical alloying lies in its capability to produce bulk quantities of nanocrystalline powder at room temperature utilizing simple equipments [8] .
In this paper, production of nanostructured Ni-Ti-Ag alloy from the elemental powders by high energy milling is reported. Effect of mechanical alloying on formation of different phases, solubility and microstructure of the milled and sintered sample are discussed.
Experimental method
Ni, Ti and Ag (48, 48, 4at% respectively) elemental powders are mechanically alloyed in a vibratory disc mill for 3h under argon atmosphere. The amount of energy transferred to the powder in this mill is greater than a planetary or SPEX mill. Ethanol is used as a process control agent (PCA). One milliliter of Ethanol is added to 43g of the initial powder mixture to prevent cold welding and sticking to the walls of the cup and the milling balls. To avoid excessive warming of the powder, after every 30min, milling machine stops and small quantity of powder is taken out for investigation. After mechanical alloying, milled powders are sintered at 1223K for 3h under argon atmosphere. Characterization of milled powder, is performed by field emission scanning electron microscopy (FESEM) Result and discussion XRD patterns of the milled powders are shown in Fig. 1 . Because of the low amount of silver in the as-mixed powder, corresponding peaks are not observed [9] . Based on the XRD Results after 1h of milling, significant changes are not created, but after 3h of milling considerable effects have been seen. The intensity of both Ni and Ti peaks decrease, and the width of them broadens. This event is caused by a decrease of crystallite size and increase of the lattice distortion. Due to the mechanical deformation of the powders during milling, particle and crystallite size refinement occurs and the lattice strain increases [8] . These results demonstrate that nanostructured alloy with the large amount of defects is formed. In Fig. 1 the diffraction line of NiTi(B2) is observed. The formation of NiTi(B2) together with other phases in this research is due to the much higher energy of the vibratory disc mill than other milling machines which used by previous authors. The XRD peaks corresponding to the Nickel shift towards lower angles after 3h of milling in comparison with 1h.. This means that (so) the lattice parameter of the f.c.c. nickel rises with further milling. This phenomenon is caused by the dissolution of titanium (atomic radius = 1.45˚A) into nickel (atomic radius = 1.24˚A) lattice. Dissolution of titanium atoms with larger atomic radius in nickel leads to the increase of the lattice parameter of the latter and forming of a disordered f.c.c. solid solution structure. For each atomic percent dissolution of Ti, 0.1% increase in the lattice parameter of Ni takes place [9, 10] . The lattice parameter without milling for nickel is 0.352nm and after 3h milling is 0.354nm which indicates 5at% titanium being dissolved in nickel. Different quantities for solvation Ti in Ni have been reported by previous authors [11, 12] . Eckert et al. [11] have observed 20at% solubility; while Gu et al. [10] have reported 10at%. No reports have been published indicating complete dissolution of titanium in nickel after mechanical alloying. The solubility of Ti in Ni that has been reported by previous researchers [11, 12] , is further than the obtained value in this research. In the above-mentioned researches unlike this article, the solubility has been calculated before NiTi(B2) formation. In foregoing papers NiTi is not formed or final product of milling, to a large extent is amorphous, so diffraction line of Ni, Ti and other phases overlap. Because of this event, the position of nickel peak is not known thus solubility is unmeasurable. The presence of the Ni peak along with the NiTi Peak in present paper, Makes possible the measuring of the Ti solubility after formation of NiTi. Low solubility in comparison with others, is due to the fact that a part of dissolved Ti in Ni, now participates in the formation of NiTi, thus the amount of it decreases. Fig. 2 shows FESEM images for 1h and 3h of milling that is got by Backscatter mode, also the corresponding EDS analysis is shown in Fig. 2 . After 1h of milling, powder has a plate-like form but no laminar heterogeneous distribution of element is observed. Plate like structure is formed as a result of severe plastic deformation structure and implies that process lies in the early stage [8] . For 1h of milling, the XRD pattern doesn't show significant changes. Nevertheless, FESEM image demonstrates that considerable developments in the process of Mechanical Alloying occurred. Such that the diffusion path has decreased largely, and uniform distribution of the elements has formed. After 3h of milling the plate-like structure disappears and the powders are agglomerated. EDS analysis of this powder at two distinct points (A and B) are shown Fig. 2(c) and (d) respectively. Table 1 and Table 2 are amounts of elements relate to Fig. 2(c) and Fig. 2(d) . These results confirmed homogeneous distribution of the elements. XRD of sintered sample is shown in Fig. 3 . The peak of NiTi(B2) is specified with A letter and located at 42.5 degree. This peak overlaps by Ni3Ti diffraction peak but the high intensity peak of Ni3Ti is located at 46.5 degree so the main contribution of intensity for 42.5 degree peak is from NiTi(B2) phase. Ni3Ti and the Ti2Ni diffraction line is found in the X-ray pattern. Ni3Ti and Ti2Ni is thermodynamically favorable than NiTi thus these phases often is formed along with NiTi [13, 14] . There is no Ti diffraction line after sintering while the line of Ni is observed. Reason for the absence of the peaks is as a result of faster diffusion of Ni in Ti than Ti in Ni during the sintering (This phenomenon differs from the dissolution of titanium in nickel during Mechanical alloying) therefore much of elemental Ti that remains without dissolution in Ni after mechanical alloying, at sintering by diffusion of Ni on it converts to Ti2Ni. By using Scherrer equation the crystallite size for NiTi, is obtained 28nm which means that bulk nanostructured alloy is created. Table2 Quantitative result that obtained by EDS of point A in Fig. 2(b) .
Table3 Quantitative result that obtained by EDS of point B in Fig. 2(b) .
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Conclusions
Grain size refinement and increase in lattice internal strain during milling takes place that leads to nanocrystalline structure. However after 1h of milling, NiTi not observed but there is a homogenous elemental distribution. By 3h mechanical alloying nanostructured NiTi(B2) is formed. 3h milling also leads to 5at% nonequilibrium dissolution of titanium in nickel lattice. Despite the fact that after 1h of milling, NiTi not observed but there is a homogenous elemental distribution. By 3h of mechanical alloying, nanostructured NiTi(B2) and also a supersaturated solid solution with 5at% dissolution of titanium is formed. After sintering, grain growth and decrease of strain is occurred and NiTi and other intermetallic compound are created. The grain size of the sintered sample by using Scherrer equation is 38nm.
